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Abstract 
The hydrogen-enriched gasoline engine is a promising option for future spark-ignited (SI) engines. However, the lack 
of quasi-dimensional combustion models for hydrogen-gasoline blends restrains the efficient prediction of its 
performance for varying operating conditions and hydrogen enrichment strategies. In this paper, a quasi-dimensional 
model was developed and validated for hydrogen-enriched gasoline engines with a new laminar flame speed 
expression. Correspondence between the calculated and experimentally measured engine combustion parameters was 
observed for different hydrogen addition levels. The comparison results indicated that the proposed quasi-
dimensional model is suitable for engine performance prediction of hydrogen-enriched gasoline engines. 
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1. Introduction 
Nowadays, the severe energy and environmental problems are inspiring efforts on promoting thermal 
efficiency and reducing toxic emissions for internal combustion engines. Since hydrogen possesses 
desirable physicochemical properties, the hydrogen enrichment could improve the fuel-air mixing and in-
cylinder combustion processes for traditional gasoline engines [1]. For this reason, the hydrogen-enriched 
gasoline engines have been regarded as a promising approach for future spark-ignited (SI) engines.  
     With the rapid development of computational technology, the numerical simulation has been 
increasingly applied to the optimization of alternative fuel engines. Compared with multi-dimensional 
models, the quasi-dimensional model consumes much less computational time and consequently better 
satisfies the requirement of parameter studies and controlling strategy optimizations. Thereby, the quasi-
dimensional model could benefits hydrogen-enriched gasoline engines with an efficient tool to optimize 
the engine configuration and hydrogen enrichment strategy. However, due to the limited fundamental 
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research on flame characteristics of hydrogen-gasoline blends under engine burning conditions, there is 
still no publicly reported quasi-dimensional model for hydrogen-enriched gasoline engines. 
      Thus, in this paper, a quasi-dimensional model was developed and validated for hydrogen-enriched 
gasoline engines with a new laminar flame speed expression derived from theoretical calculation, since 
the laminar flame speed is a key factor influencing the flame kernel formation, local heat release rate, as 
well as turbulence-flame interaction during the in-cylinder combustion. The suitability of the proposed 
model is examined by comparing various engine combustion parameters for different hydrogen addition 
levels. 
2. Numerical setup 
2.1 Framework and assumptions 
The framework of the proposed quasi-dimensional model is illustrated in Fig. 1. In this model, the 
engine operating parameters including engine speed, MAP, and ignition timing as well as the mixture 
concentration parameters including equivalence ratio and hydrogen volume fraction in the intake gas are 
used as model inputs, while the in-cylinder pressure, MFB traces and varying engine combustion 
parameters are the model outputs. The engine compression and expansion periods are described by the 
single-zone thermodynamic model which assumes that the in-cylinder charge has uniform property, while 
during the combustion period the in-cylinder charge is assumed to be divided into combustion products 
and fresh reactants zones.  The sub-models and datasets used in each calculation step are listed in detail in 
Fig. 1. 
 
Fig. 1 Framework of the proposed model. 
2.2 Combustion model 
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In this model, the mass burning rate is determined by a fractal-based entrainment combustion model [4]: 
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where dmb/dt, me, mb, and τb symbolize the mass burning rate [kg/s], mass entrained into the flame front 
[kg], mass of the burnt gas [kg], and characteristic time [s], respectively. In Eq. (1), τb is deduced by: 
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with LT and SL being the turbulent length scale [m] and the laminar flame speed [m/s], respectively. 
Meanwhile, me in Eq. (1) can be deduced from Eq. (3). 
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In Eq. (3), ρu, Af, and ST,e represent the density of the unburned gas [kg/m3], mean flame front area [m2], 
and turbulent entrainment speed [m/s], respectively. The ST,e can be estimated by the fractal approach [8]: 
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with Lmax/Lmin and D3 being the ratio of the maximum and minimum flame wrinkling scales [-] and the 
fractal dimension [-], respectively. The D3 characterizes the degree of turbulent flame wrinkling and is 
computed by a correlation proposed for hydrogen-enriched flames [6] in the present model: 
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In Eq. (5), XH2 and u׳ are the hydrogen mole fraction in the total fuel [-] and turbulence intensity [m/s], 
respectively. 
2.3 Laminar flame speed for hydrogen-gasoline blends 
    It can be seen from the above section that SL determines the mass burning rate through not only the 
combustion characteristic time but also the turbulent entrainment speed. Thus, an SL expression for 
hydrogen-gasoline blends [5] is implemented in the present combustion model. As it is demonstrated in 
Fig. 2, the hydrogen enrichment linearly elevates SL for varying equivalence ratios and unburned gas 
temperatures under the engine-relevant burning condition.  
3. Model validation 
    The predictive accuracy of the proposed model under different hydrogen volume fractions is evaluated 
in Fig. 3. The relative errors on peak pressure (Pmax) and indicated mean effective pressure (Imep) are 
observed to be lower than 3% for all the tested hydrogen addition levels. This means the present model 
could well capture the engine performance for different hydrogen addition levels. Comparatively, the 
relative errors on flame development period (CA0-10) and flame propagation period (CA10-90) are 
slightly higher. The possible reason is that the D3 correlation used in the present model is developed 
based on the experimental data of hydrogen-methane mixtures under the atmospheric pressure, which 
cannot accurately capture the flame surface characteristics of the in-cylinder hydrogen-gasoline flame and 
therefore slightly reduces the model accuracy on combustion periods. 
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Fig. 2 Laminar flame speed of hydrogen-gasoline blends              Fig. 3 Comparison of the calculated and experimental results  
                      computed from the new expression.                                                        at different hydrogen volume fractions. 
4. Conclusions 
    In this paper,  a quasi-dimensional model was developed and validated for hydrogen-enriched gasoline 
engines. In this model, the turbulent entrainment combustion was adapted for the hydrogen-gasoline 
combustion with a new laminar flame speed correlation. Correspondence between the calculated and 
experimentally determined engine combustion parameters was observed for different hydrogen addition 
levels, suggesting that the proposed model is applicable for combustion performance prediction of the 
hydrogen-enriched gasoline engines. 
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